STI RRI NG BLADE AND STI RRER FOR MOLTEN GLASS
BACKGROUND Technical Field (0001) The present
invention relates to a stirring blade for nolten
glass for uniformy stirring nolten glass in a
stirring tank, and a stirrer including this stirring
blade in the stirring tank. Description of Related Art
(0002) In a manufacture of a glass plate, there is a
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Description of Related Art
(0002)

In a manufacture of a glass plate, there is a problem
that deterioration in quality of a glass product 1is
greatlyaffectedbyeu1existenceofzaheterogeneousglass
in a molten glass. The heterogeneous glass means a
phenomenonthatglasswithdifferentcompositionsexists
in the molten glass, and is different from molten glass
around the heterogeneous glass in characteristics such
as specific gravity and refractive index. When the
heterogeneous glass exists in a glass product after
forming and solidification, lines called ream are
generated. This causes an optical image to be distorted
and transparency and reflectivity to be damaged.
(0003)

Particularly, in a manufacturing field of a glass



gl ass, generation of the reamcauses a trouble to
occur in a manufacturing step of a display apparatus,
such as a failure in formation of a TFT circuit by
irregularities of the ream in addition to remarkable
deterioration of a product quality. Also, in recent
years, the glass substrate for FPD gets |arger and

| arger. When the glass substrate gets |arger, use
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substrate 1is molded, with the heterogeneous glass

included in the molten glass, the whole of this glass

substrate becomes defective, thus remarkably

deteriorating the yield of products.

(0004)

Various causes of generating the heterogeneous
glass are considered, such as inappropriate blending of
glass raw materials, defectiveness of melting conditions
eluting components from a material of a melting tank,
and volatilization from a surface of a molten glass.
Therefore, in the manufacture of the glass plate,
mechanical stirring is generally performed, as a method
of preventing the generation of the heterogeneous glass
and realizing a homogeneous molten glass.

(0005)

An object of stirring is to make the heterogeneous

glass reduced and disappear, which is generated in the



degree of honobgeneous property of the optical gl ass
and the glass for FPD is required, and therefore the
nolten gl ass nust be honobgeni zed in the step before
solidifying the nolten glass in the formng step.
Therefore, the heterogeneous glass generated in the
nmelting step and the refining step, or generated in a
transfer tube through which the nolten glass is
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(0006)

Stirring is performed in a cylindrical vessel
called a stirring tank or in a flow passage. A stirring
blade is disposed within the stirring tank, and by
rotating the stirring blade for prescribed number of
times, shearing force is added to the molten glass, to
thereby stir the molten glass. The molten glass is
flown-in from an inflow port in an upper part of the
stirring tank, and flows-out from an outflow port in a
lower part of the stirring tank while being stirred.
Alternately, reversely, the molten glass is flown-in
from the inflow port in the lower part of the stirring
tank, and flows out from the outflow port in the upper
part of the stirring tank while being stirred.

(0007)

When the shearing force is added to the

heterogeneous glass in the molten glass, the



het er ogeneous gl ass i s sheared, thus nmeking the

het er ogeneous gl ass di sappear or reduced. The sheari ng
force is generated in a part where a speed difference
in fluidity of the nolten glass is generated, such as
the stirring blade and a wall of the stirring tank. A
stirring speed (the nunber of rotations: rpm is
suitably decided by viscosity (tenperature) and a
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glass with high viscosity carries out |ow speed
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example, stirring is performed, with low-speed rotation

of about 10rpm.

(0008)

As a conventional stirring blade for molten glass,
so-called crank-type stirring Dblade, paddle-type
stirring blade (for example, see patent document 1), or
screw-type stirring blade (for example, see patent
document 2), are known.

(0009)

FIG.9 shows an example of the crank-type stirring
blade. A stirring blade 110 is disposed inside of a
cylindrical stirring tank 101, and by driving the
stirring blade 110 to rotate around a rotational axis
set on a center axis of the stirring tank 101, molten
glass G in the stirring tank 101 is stirred. The stirring

blade 110 includes: a rotational shaft 111 positioned

on the rotational axis; a vertical bar-1like first blade



4 112 that extends in a vertical direction along the
rotational axis at a position apart fromthe
rotational axis in a rotational radial direction, for
stirring the nolten glass G that exists in an outer
peri pheral area of the stirring tank 101, by being
rotated in the vicinity of an inner wall of the
stirring tank 101, and a horizontal bar-Ilike second
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and 103 for the nolten glass in the upper part and in
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range from a central part area to an outer peripheral
area of the stirring tank 101, by being rotated in the
range from the central part area to the outer peripheral
area of the stirring tank 101. The rotational shaft 111
is rotated by a motor 118.
(0010)

The stirring tank 101 has inlets/outlets 102 and
103 for the molten glass in the upper part and in the
lower part, and in the stirring tank 101, the molten glass
G flows-in from the inlet/outlet 102 in the upper part
and flows-out from the inlet/outlet 103 in the lower part
while being stirred. Alternately, reversely, the
molten glass G flows-in from the inlet/outlet 103 in the
lower part and flows-out from the inlet/outlet 102 in
the upper part while being stirred.
(0011)

(Patent document 1)



(Patent docunent 1) r, Japanese Patent Laid Open
Publ i cati on No. 2001-72426 (Patent docunent 2)
Japanese Patent Laid Open Publication No.2008-120630
(0012) Incidentally, in a conventional stirring bl ade,
there is a problemthat flow out of the heterogeneous
gl ass occurs easily, due to insufficient shearing
force during stirring. Nanely, sonme of the nolten
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port and flows-out fromthe outflow port, wth al nost
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It appears that this is caused by a difference of a
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outer peripheral part of the stirring blade. For

(exapple, in a case of the crank-type stirring bl ade
110 shown in FIG 9, as shown in a horizontal cross
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part of the rotating stirring blade 110 is small, and

tieréPher d Speed et ©hatt ke Akt @GP Phes aheR¥ o dSneous
| arge. (0014) Therefore, as shown in a schenmatic
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astinh §9irakd0l Namely, some of the molten glass in the

stirring tank flows-in from the inflow port and flows-out

from the outflow port, with almost no shearing force

added thereto by stirring.

(0013)

It appears that this is caused by a difference of
a peripheral speed between the central part and the outer
peripheral part of the stirring blade. For example, in
a case of the crank-type stirring blade 110 shown in FIG.9
as shown in a horizontal cross section of FIG.10,
peripheral speed R1l in the central part of the rotating
stirring blade 110 is small, and peripheral speed R2 of
the outer peripheral part is large.

(0014)

Therefore, as shown in a schematic vertical
sectional view of FIG.11l, the molten glass G is flown
into outer peripheral area FB of the stirring tank 101
from the inlet/outlet 102 in the upper part as shown by

arrow A. Then, the molten glass is flown-out from the



fromthe inlet/outlet 102 in the upper part as shown
by arrow A Then, the nolten glass is flown-out from
the 6 inlet/outlet 103 while being stirred
satisfactorily, wth a sufficient shearing force
added thereto by the rotation of the vertica
bar-like first blade 112 and a horizontal bar-1ike
second bl ade 113. However, the follow ng phenonenon
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the central area FA of the stirring tank 101 descends
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area FA as it is, as shown by arrow P, with no
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flows-out fromthe inlet/outlet 103 in the | ower
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sufficient shearing force in the stirring tank 101 s
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bl ade. (0015) Therefore, in order to solve the
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increased, and a stirring effect can also
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Thus, the molten glass that receives no sufficient
shearing force in the stirring tank 101 is insufficiently
homogenized due to insufficient stirring, thus causing
the ream to be generated. The same thing can be said for
the paddle-type stirring blade.

(0015)

Therefore, in order to solve the above-described
problem, increase of the number of rotations of the
stirring blade can be taken into consideration. If the
number of rotations of the stirring blade is increased,
the shearing force added to the molten glass in the
stirring tank can be increased, and a stirring effect
can also be increased.

(001l6)

However, when the molten glass has high viscosity,

the molten glass with high viscosity is sometimes rotated



(0016) However, when the nolten glass has high
viscosity, the nolten glass with high viscosity is
sonmetines rotated together with the stirring blade if
t he nunber of rotations of the stirring blade is

i ncreased. Therefore, increase of the nunber of
rotations is limted. (0017) |In addition, platinumor
a platinumalloy is used in a material of the
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heat-resi stant property and an anticorrosive
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bl ade is peeled-off by stirring the nolten glass. The
( dhenpgnmenon of peel -of f of platinumby the nolten
gl ass occurs in a part where the shearing stress is
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phenonenon 1is easily generated if the nolten glass
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foreign matter) such as platinumor a platinumall oy
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stirring blade can not be” increased so nuch

a possibility that platinum of the stlrrlng tank and the
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stirring blade is peeled-off by stirring the molten glass.

The phenomenon of peel-off of platinum by the molten
glass occurs in a part where the shearing stress 1s
added by stirring the molten glass, and this phenomenon
is easily generated if the molten glass has high
viscosity. When a foreign matter (platinum foreign
matter) such as platinum or a platinum-alloy peeled-off
from the stirring tank and the stirring blade is mixed
in the molten glass, trouble in a product glass is caused
thereby, because the foreign matter is also included in
the glass after forming. For this reason also, the
number of rotations of the stirring blade can not be
increased so much.
(0018)

Therefore, an object of the patent document 2 is

to provide the screw-type stirring blade wherein the



(0018) Therefore, an object of the patent docunent 2
is to provide the screwtype stirring blade wherein
the 8 nolten glass is flown by a rotational force,
along a shape of a spiral blade. In this case, there
iIs a problemthat an action of shearing the nolten
gl ass is weak, because no speed difference is
generated in the nolten glass, and therefore a
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et er ogeneous gl ass di Sappear.
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Iciently stirfing an entire body of ten
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a tank capable of reéalizing a honogeneous nolten
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and provide a stirrer for molten glass including this
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I nvention provides  a stirring blade for nolten gl ass
di sposed inside of a cylindrical stirring tank, for
stirring nolten glass in the stirring tank by being

driven to rotatguamMawd ¢r raEatipRAkTaxe set on a
center axis of the stirring tank,
(0019)

In view of the above-described circumstance, an
object of the present invention is to provide a stirring
blade for molten glass capable of sufficiently stirring
an entire body of a molten glass in a stirring tank
including a central area of a tank and capable of
realizing a homogeneous molten glass even if not
increasing the number of rotations, and provide a stirrer
for molten glass including this stirring blade.
(0020)

A first aspect of the present invention provides
a stirring blade for molten glass disposed inside of a
cylindrical stirring tank, for stirring molten glass in
the stirring tank by being driven to rotate around a
rotational axis set on a center axis of the stirring tank,
including:

a rotational shaft positioned on the rotational

axis;



including: a rotational shaft positioned on the
rotational axis; 9 a vertical bar-like first blade
that extends in a vertical direction along the
rotational axis at a position apart fromthe
rotational shaft in a rotational radial direction,
for stirring the nolten glass that exists in an outer
peri pheral area of the stirring tank, by being

rotated d e § B 1Vited Al I Yk@f £an- 4 ONSf a¥R! kn@ft tdtends in a
stirring tank; a horizontal bar-Iike second bl ade that

véxtends @alidng-fibataphenal raf alrdHLeebh@n  axis at a
orthogonal to the rotational axis, for stirring the
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area to an outer peripheral area of the stirring
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area to the outer peripheral area of the stirring
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an inner peripheral side of the vertical bar-I
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direction orthogonal to the rotational axis, for

sOuiding thenRol ten glass that exists in the central
area of the stirring tank to the outer periphera
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provi des

along a rotational radial direction orthogonal to the
rotational axis, for stirring the molten glass that
exists in a range from a central area to an outer
peripheral area of the stirring tank, by being rotated
in a range from the central area to the outer peripheral
area of the stirring tank:; and

a disc-1like third blade which is provided on an
inner peripheral side of the vertical bar-like first
blade and extends in a planar shape in a direction
orthogonal to the rotational axis, for guiding the molten
glass that exists in the central area of the stirring
tank to the outer peripheral area.
(0021)

A second aspect of the present invention provides
the stirring blade for molten glass according to the
first aspect, wherein a plurality of horizontal bar-1like

second blades and disc-1like third blades are

respectively provided at intervals in the rotational
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the stirring blade for nolten glass according to the
first aspect, wherein a plurality of horizontal
bar-1i ke second blades and disc-like third blades are
respectively provided at intervals in the rotationa

10 axis direction. (0022) A third aspect of the
present invention provides the stirring blade for

nol ten gl ass according to the second aspect, wherein

akbhe hardzoptal, bar-1ike second blade and the
disc-lIike third bl ade are integrally formed at the

(§@pB)position in the rotational axis direction.
(002 ) A fourth aspect of the present invention
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according to any one of the Tirst to aspects
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di sc shape, with the rotational axis as a center.
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provides the stirring blade for nolten gl ass
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wherein a protruded fourth blade Is provided In
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present 1 nvention provides the stirring
(6®bkgn gl ass according to any one

A fourth aspect of the present invention provides
the stirring blade for molten glass according to any one
of the first to third aspects, wherein the disc-like
third blade is formed into a disc shape, with the
rotational axis as a center.

(0024)

A fifth aspect of the present invention provides
the stirring blade for molten glass according to any one
of the first to fourth aspects, wherein a protruded
fourth blade is provided in the disc-like third blade.
(0025)

A sixth aspect of the present invention provides
the stirring blade for molten glass according to any one
of the first to fifth aspects, wherein the disc-like
third blade is provided in a posture inclined to a surface
vertical to the rotational axis.

(0026)

A seventh aspect of the present invention provides

11



of the first to fifth aspects, wherein the disc-1ike
third blade is provided in a posture inclined to a
surface vertical to the rotational axis. (0026) A
seventh aspect of the present invention provides 11 a
stirrer for nolten glass, wherein the stirring bl ade
according to any one of the clains 1 to 6 is disposed
inside of a stirring tank which is disposed, with a

aQ?@i%&ef”@é&ihéﬁeg%jd@%éécabﬁéré¥W'Bﬂeaeﬂﬂgffﬂb blade
port di sposed on one end side and an outfiow port
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direction, to thereby allow nolten glass to flow iIn
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aSpeCt of the pr esent i nventi on, t he” nol ten g aSS
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where insufficient stirring easily occurs due to a
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guided to the outer peripheral  area by the disc-Iike
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insufficient stirring of the nolten glass in the
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using the first blade and the second blade in a state

(0o29hi ch the nolten glass is guided to the outer
peri pheral area. Accordingly, even if not increasing

the Mgbsrading otd) | @ Of ither StdgpbBe bbadethe present

stirring
invention, the molten glass that exists in the central
area of the stirring tank, where insufficient stirring
easily occurs due to a small peripheral speed of the
stirring blade, can be guided to the outer peripheral
area by the disc-1ike third blade having a guiding action.
Therefore, insufficient stirring of the molten glass in
the central area can be solved, by the stirring action
using the first blade and the second blade in a state
in which the molten glass 1is guided to the outer
peripheral area. Accordingly, even if not increasing
the number of rotations of the stirring blade, stirring
of the molten glass in an entire body of the stirring
tank can be accelerated, and homogenizing of the molten
glass can be accelerated. As a result, even when the
heterogeneous glass is flown into the stirring tank,

disappearance and reduction of the heterogeneous glass

can be realized by stirring, and also generation of the
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of the nolten glass in an entire body of the stirring
tank can be accel erated, and honobgeni zi ng of the
nolten gl ass can be accelerated. As a result, even
when the heterogeneous glass is flown into the
stirring tank, disappearance and reduction of the
het er ogeneous glass can be realized by stirring, and
al so generation of the 12 phenonenon of peel-off of

pPd AbRWB n ReE N 81 MRS i Pfat RGBSt bdidY PlidfleedRd1 of
the stirring tank, can be “suppressed, because it is

tHOl SEEeSSHY WPLAHET €388 PRe NUANGT Of oM OFGhKONS @l  be
the stirring blade. (0028) According to the secong

s @sPpeels sda t e PRESRN t 11NVEIH{ Hec8sBlaWAlid YiPErease the
hori zontal bar-li ke second blades and disc-like third

nlhhﬁg%,s o@rersea\tiidﬁgs oﬁf,estﬁzeé?téiﬁbf:ﬁ{g i pigEeal s in the
rotational axis direction. Therefore, the fl ow of the

(0®hkgn glass can be nade toward the outer periphera
area fromthe central area in the stirring tank, and

StirdgoPhibRE #B! tEAe A ASSnGANaBBROCELE atRE: present
(0029) According to the third aspect of the present

iAVNBRLIAN, hhehorhiontal o bakdd keo5€6aNd DLadg @ndsecona
the disc-liké third bl'ade are integrally formed at

b1d§e3aMRyn POSHYEISUL 1 PkEhe tipl 8§l 0Raladaxd S direCliPBvided,
Therefore, rigidity is inproved.

respectively at intervals in the rotational axis
direction. Therefore, the flow of the molten glass can
be made toward the outer peripheral area from the central
area in the stirring tank, and stirring of the molten
glass can be accelerated.

(0029)

According to the third aspect of the present
invention, the horizontal bar-like second blade and the
disc-like third blade are integrally formed at the same
position in the rotational axis direction. Therefore,
rigidity is improved.

(0030)

According to the fourth aspect of the present
invention, the disc-l1like third blade is formed into a
disc shape, with the rotational axis of the stirring
blade as a center, and there are no corners. Therefore,
there is little possibility that the third blade is

shaved by the molten glass and is worn.
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(0030) According to the fourth aspect of the present
invention, the disc-like third blade is forned into a
di sc shape, with the rotational axis of the stirring
bl ade as a center, and there are no corners.
Therefore, there is little possibility that the third
bl ade is shaved by the nolten glass and is worn. 13
(0031) According to the fifth aspect of the present
(ooyention, slip between the nolten glass and the third
bl ade is prevented by an exi stence of the protruded

four tdy bbade niy Oviddednd) Ehe dii ik pbade, o@8nNdtRe present

centrifugal force caused by the rotation of the third

iRy ade iGaN, be1pesSild @b ¥yndten i t&e §Rh@N { @S6he third
Therefore, retention of the nolten glass on the third

pbhade Canphepseyeat esly and éhesflaneof othetAel teRotrudea
glass to the outer peripheral area fromthe centra

f@heanl Nptdiee StpEbkAGd@nkiganthe sthand heneddeandana a
stirring efficiency can be further increased. (0032)

cdheehidivhl orbhesi Xhlisawasy het RO U EEBRAt 0f the third
invention, the disc-like third blade is provided in an

bi8aki Ne&nPasd Uy s Thekeher egikla f kew ahentnbhiten giass.
inclination can be given to the nolten glass, and the

T%ﬁf@@dr@, Ofelthe) tD6heB /1386 AP 1R tgi adsbladerk8ntnira
blade can be prevented, and the flow of the molten glass
to the outer peripheral area from the central area in
the stirring tank can be strengthened, and stirring
efficiency can be further increased.

(0032)

According to the sixth aspect of the present
invention, the disc-l1like third blade is provided in an
inclined posture. Therefore, the flow along this
inclination can be given to the molten glass, and the
retention of the molten glass on the third blade can be
prevented. Further, by rotation of an inclined surface
(disc-1like third blade), fluidity in the rotational axis
direction can be given to the molten glass, then the
stirring efficiency <can be further increased, and
further homogenization of the molten glass can be
realized.

(0033)

According to the seventh aspect of the present
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prevented. Further, by rotation of an inclined surface
(disc-like third blade), fluidity in the rotationa
axis direction can be given to the nolten glass, then
the stirring efficiency can be further increased, and
further honogenization of the nolten glass can be
realized. (0033) According to the seventh aspect of
the present 14 invention, the nolten glass is

1iSVWEAILGIAN! | ¥ §1hbn&EPYy1458 8 Ghif¥i Bhade 1yt £riBE by
nolten glass flows to t%e | ower part fromthe upper

t &1 t Qb iy NEa bOWGH i0AE trnd Gnd De cWPRAra PEr£1 8% st RS the
stirring tank. Therefore, the honogenization of the

1méke?a@@8§rem HHd rhﬁge&arbé)ﬁt 8¢Cce SRl ele AWl@E Bart
result, even when the heterogeneous glass is flown

té NERetWBpeld PdE dANKnet Be idirsAPPepsARCE THMdPEre the
reduction of the heterogeneous glass can be realize

néMo§binlird i oBr i B8&ChioAt O 8l alshe ¥ avkRgs- & dan be
IS a perspective view showing a structure of a

adtbibatd@! Uh A SE FESRA 1] 34 3EH ¢HIhkd Sogeneous
enbodi ment of the present invention. FIG 2 is a side

g B&6LiI pgaF1¥vewiaft & Rine Siti¥Ling FARK3 kheddalisdppearance
sectional view for explaining a principle of this

a%?igﬂﬁi-r%Hﬁd&i§na<ﬂ€r%9ﬁ§théeéﬂdﬁéﬁéohﬁﬁ §ihkks "dan be
ades

realized by stirring.

Brief Description of the Drawings

FIG.1l is a perspective view showing a structure of
a stirrer including stirring blades according to an
embodiment of the present invention.

FIG.2 is a side sectional view of this stirrer.

FIG.3 is a side sectional view for explaining a
principle of this stirrer.

FIG.4 is a perspective view of the stirring blades
according another embodiment of the present invention.

FIG.5 is a side view showing a cross-sectional part
of these stirring blades.

FIG.6 is a perspective view of the stirring blades
according to further another embodiment of the present
invention.

FIG.7A is an upper side view of a part of each

stirring blade, and FIG.7B is a side view thereof.
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accordi ng anot her enbodi nent of the present invention.
FIG5 is a side view showi ng a cross-sectional part

of these stirring blades. FIG 6 is a perspective view
of the stirring blades according to further another
enbodi nent of the present invention. FIG7A is an
upper side view of a part of each stirring blade, and
FIG7Bis a side viewthereof. 15 FIG8 is a view

Showﬁﬁbn@dhgi%j¢¥@ﬂp5%%#fﬁgtﬂod@@iéﬁ axhaigids (a) to
bl ade of the stirring blades Shown in FIG 6 and

(&] Gof aFlfodrks BHIPLESPEE! Ittfe SsHE X6V 0h1 bR SIdREGH in
I ncl udi ng conventional stirring blades.” FIG 10 is a

FTOr bz fl pggCti onal view of an essential part of
this stirrer. FIG 11 is a side sectional viewfor

expl gifing ag Pxi P%in%l[?e@f:ibléi S 544! KBlew BBt tMesf @b rer
Carrying out the Tnvention (0034) Preferred

1 BEPAAMRN Sofil e PREICH L i PV R WL adkkl be
descri bed hereunder, wth reference to the draw ngs.

FIG Fi6§, 2oPeigpeal | Ko 4 £9h 609 B@ A SEAHEL UGS edf oF an
stirrer including stirring blades, FIG 2 is a side

eS86hkANAl NheW fr tPhesSlddffFerand FIG 3 is a side

FIG.1l1l is a side sectional view for explaining a

principle of this stirrer.

Best Mode for Carrying out the Invention
(0034)

Preferred embodiments of the present invention
will be described hereunder, with reference to the
drawings.

FIG.1 is a perspective view showing a structure of
a stirrer including stirring blades, FIG.2 is a side
sectional view of this stirrer, and FIG.3 is a side
sectional view for describing a principle of this
stirrer.

(0035)

As shown in FIG.1l and FIG.2, this stirrer includes:

a cylindrical stirring tank 1 installed, with a
center axis L1 directed vertically:; and

a stirring blade 10 disposed inside of the stirring

tank 1. An inflow port 2 of the molten glass is disposed
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sectional view for describing a principle of this
stirrer. (0035) As shown in FIG1 and FIG 2, this
stirrer includes: a cylindrical stirring tank 1
installed, with a center axis L1 directed vertically;
and a stirring blade 10 di sposed inside of the
stirring tank 1. An inflow port 2 of the nolten gl ass
is disposed 16 in an upper part of the stirring tank

iril’ax‘?rh],?’ Eg:' g‘élnr&motf t;rTé %tdi%i??ﬁgdtia%@ 1l ovgy d’li"ﬁhow port

t her eo n ten ass ws-1n fromthe I nfl ow

3 @étdg%. B &t : J'fUrEp&erEEr' ptallef.n tﬁéf‘@éf’fer%]ntd)%ﬁté eglass

| ower rt i e stirring tank 1, and ows-out from

Gtﬂeo&yt_&'ng}efg N b rd i £ 6w ! QUeE @@iﬁ-%%éqngggéﬁwgft, then

stirring e 10 functions to stir t ass

t LRG0 YGERH thd T]]Jvh?rsﬁé &l 29 Egrék sk i 0¥ R§! :E%nk 1,

driven to rotate at a |l ow speed around a rotationa

af{‘%fi %%%%oﬁ% £FoR £hAl Sﬁt%idcéa LIog)mg{ ir@n%ﬁér*gg&aﬁ%rt :

Is stirring bla as a so-ca
(géggg-type shape as a basic shape, and includes a
rotational shaft 11 positioned on the rotational axis

L10; ﬁ%%%i?%‘inﬁ:{aﬂééeﬁiféhck&'i%ﬂ?s%%fgdkﬁg molten

vertically along rotational axis L10 at

SPREI a0 PR 120Dty L BH0BRk:2 Ao Lk 2oy betng
driven to rotate at a low speed around a rotational axis
L10 set on a center axis L1 of the stirring tank 1.
(0037)

This stirring blade 10 has a so-called crank-type
shape as a basic shape, and includes a rotational shaft
11 positioned on the rotational axis L10; a vertical
bar-like first blade 12 extending vertically along the
rotational axis L10 at a position apart from the
rotational axis L10 in a rotational radial direction,
for stirring the molten glass G that exists in an outer
peripheral area FB in the stirring tank 1, by being
rotated in the vicinity of an inner wall of the stirring
tank 1; a horizontal bar-like second blade 13 extending
along the rotational radial direction orthogonal to the
rotational axis L10, for stirring the molten glass G that
exists in a range from a central area FA to an outer

peripheral area FB in the stirring tamnk 1, by being

rotated in the range from the central area FA to the outer
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for stirring the nolten glass Gthat exists in an
outer peripheral area FB in the stirring tank 1, by
being rotated in the vicinity of an inner wall of the
stirring tank 1; a horizontal bar-like second bl ade
13 extending along the rotational radial direction
orthogonal to the rotational axis L10, for stirring
the nolten glass Gthat exists in a range froma

peSt | }Ig)flg!ra‘%.r ngFﬁ‘FtBolﬂntﬂgtseflrggr n! 'E%‘iﬁ! argﬁd':§ dfinsébfike

rrng tank bei n rotat dinthé range from

tl"L_:gJ.edcgﬂ Gl 1% c!:v“lﬁgdt %% ED: aﬁlgrﬁﬁ&n{(e‘lfheiaéirgéeéf the

e stirring tank

vdi fdea 4%1?%&& %f@%g:’b&%ﬁ{é pi‘ﬁré'o SelsdeEBf b&xtended

vertica st 12 so as to be extended

irf Nad ;]PiQH%r sbaRgd Ny ?o?ér%&déé’é‘t%hhogfﬂﬁ'ogtc{%éfe to the

rotational axis L10, guiding the nolten ass

rJ'@Q‘ElO%Xé{lS 18 L6, cegtrg hlﬁr‘%?g A d rﬂnéfw‘(‘-‘eﬁt gi%'s@G that

e out erf perip era area F8 003

I = | I
eiagég%(ﬁ& Stg{ei 'Iﬁée £ panl %b‘iréta{" rRUal LKE §¢ I‘}gndl B 2da% 1 to

Ird bl ades 14 are prov

tH &SRRtV E) ¥ Héggivgg%&rb@.dlrectlon(ﬁ t he

rotational axiS L10, and are integrally fornmed at the
@gg)p05|t|on in the direction of the rotational axis
L1 At this time, preferably the nunber of

'”St%ﬂaié§Et‘8néh%f*ﬁ@rh H%ff Ht%fﬂgﬁr L§ 1500 Qﬁ@ond
nore, and to are furt pre rab Furt her, e

bf%&gg'f§ Bhwwhisc-llke third blades 14 are provided
respectively at intervals 1in a direction of the
rotational axis L10, and are integrally formed at the
same position in the direction of the rotational axis
L10. At this time, preferably the number of installation
of the disc-1like third blades is two ore more, and 3 to
5 are further preferable. Further, the disc-1like third
blades 14 are formed into a disc shape, with the
rotational axis L10 as a center, and are fixed to the
rotational shaft 11 and the second blade 13 in a posture
vertical to the rotational axis L1O. Moreover, two
vertical bar-1like first blades 12 are disposed at a
position opposed 180°, and the horizontal bar-1like second
blades 13 are disposed in a posture vertical to the
rotational axis L10, with both ends connected to the two

first blades 12.

Note that the first blade 12 and the second blade
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bl ades 14 are fornmed into a disc shape, with the
rotational axis L10 as a center, and are fixed to the
rotational shaft 11 and the second blade 13 in a
posture vertical to the rotational axis L10.
Moreover, two vertical bar-like first blades 12 are
di sposed at a position opposedl80, and the horizontal
bar-1i ke second blades 13 are disposed in a posture

1¥eltdcabrhad tBE‘/ rPBﬁtn'cPQ%ld g Ll Qs Mhd PebOb R @ﬂgsround
connected to e first blades 12. Note that

r%&réfroun$r%§nﬁnﬂ ta'?iee serqnd sRltagde r g8y ]é’hé‘ﬁeagﬂ{?gﬂness

a di aneter of the round

of %edi%%onglﬁleaéﬁa}%l b%a%eet 1lear Q%fhéxbartt?etdlscfnﬂﬁe ghird

a disc-like thir e 14, Then, the disc-1i
bP&éQ% 3-41é S_]dﬂ'lﬁadtéoa % % ]%Qﬁﬁ:tlhrh %Jledlg tdlrectlon
bar tha

di rection e roun constitutes t

oSefrad B'tﬁ{jc'? gar t@x%‘p%or?étQ%%@é@eghébgé%oﬁ&‘%lade 13.

stirring blade 10 is characterized in that the
(686l i ke third blade 14 is added to a so-called
crank type stirring blade, and by adding the third

bl adey J4,q9d b 518ld I @b dPe CAPADEE soélrmqlrgeawwa@ 10 is
stirring effect for the nolten glass G

cﬁaﬁa%ft%ﬂagdt he, "ohLen t@leasei Geln e esmtrrdalbpésé 14 is
where the stirring effect is hardly obtai ned when

a@dehowosrae%do IohabieQ] dSafRCFIRSL O3t 1 bR ithe T 28K, t)éﬁh% by
stirring blade, to the outer peripheral area FB in

adding the third blade 14, this stirrer is capable of
increasing a stirring effect for the molten glass G by
transferring the molten glass G in the central area FA,
where the stirring effect is hardly obtained when a
low-speed rotation is carried out in the crank-type
stirring blade, to the outer peripheral area FB in the
stirring tank 1.

(0040)

Namely, according to this stirrer, as an action
principle is shown in FIG.3, the molten glass G that
exists in the central area FA of the stirring tank 1,
where insufficient stirring easily occurs due to a small
peripheral speed of the stirring blade 10, can be guided
to the outer peripheral area FB by the disc-like third
blade 14 having a guiding action. Then, by the stirring
action of the first blade 12 and the second blade 13 in

a state in which the molten glass is guided to the outer
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stirring tank 1. (0040) Nanely, according to this
stirrer, as an action principle is shown in FIG 3,
the nolten glass Gthat exists in the central area FA
of the stirring tank 1, where insufficient stirring
easily occurs due to a snmall peripheral speed of the
stirring blade 10, can be guided to the outer

peri pheral area FB by the disc-like third blade 14

p&AY bR 19 P HE A0F BCt i R FER; eBY LR SEifEI §9 tAEthBAten
of the first blade 12 and the second blade 13 in a

g Bhakeg iih WhleCBehhe 4Dl #rasan e B Hodqt.0 tA'?ﬁc&f'&@hgly,
19 peripheral area FB, insufficient stirring of the

evBht 8% r%@5§n@rréé§'§n§eﬂ:trf@|n@h%@f%@@o?%t&@ﬂ@dof the
Accordingly, even if not increasing the nunber of

st obatinn® 1¢{ad D& t SELARIE eDt AdemoSle YNG <X ithEn entire
nolten glass in an entire body of the stirring tank

b&ay beracerberat edrianyl tfaqmg%rarzataé)na@céfsrmlet@n and
gl ass can be accelerated. As a result, even when the

h ORLELIACNEOUSIIASTHE bOWRR igWdl § NEal bl iWRGd 2Bk ated.
di sappearance and reducti on of = the heterogeneous

A8l 2SSe 680 the A I ¥RENDY hE! Wit dio g8RG o SPLass is flown
generation of a peel-off phenomenon of platinum etc,

19ebNEna BALEFI2hgOk dhe, Sat 5B Pk 268 eaB%d Neduction of
stirring tank, can be suppressed. (0041) For exanpl e,

t1Ré ﬁ@@%o@é@ééﬁ‘é’ 41 algs the vl @13 268 by stirring, and
also generation of a peel-off phenomenon of platinum,
etc, being a material of the stirring blade and the
stirring tank, can be suppressed.
(0041)

For example, as shown by arrow A, in themolten glass
G flown into the stirring tank 1 from the inflow port
2 in the upper part, a part of the molten glass G is flown
into the central area FA in the stirring tank 1, which
is then flown from the central region FA to the outer
peripheral region FB as shown by arrow Q, because the
disc-1like third blade 14 exits in a center part of the
stirring blade 10, and is stirred by the first blade 12
and the second blade 13 in the outer peripheral region
FB. Accordingly, stirring of the molten glass G in an
entire body of the stirring tank 1 can be accelerated,

and the homogenization of the molten glass G by stirring

can also be accelerated. As a result, even when the
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Gflow into the stirring tank 1 fromthe inflow port
2 in the upper part, a part of the nolten glass Gis
flowmm into the central area FAin the stirring tank
1, which is then flown fromthe central region FA to
the outer peripheral region FB as shown by arrow Q
because the disc-like third blade 14 exits in a
center part of the stirring blade 10, and is stirred

h@ﬂek%%éﬂééﬁsbb@g%§21saﬁgowmafﬁ¥0n9h9|qufgﬁhg Ea%k 1,

out er "peri pheral region FB. Accordingly, stirring of

thde I 4 5P e@BSSc & IdY aRe RIV 4 { Enbasly @héhﬁéﬁéfébgﬂeous
tank 1 can be accel erated, and the honogeni zati on of

o1185MRld:eny gl 35% G P¥aSy M4 A9rraany al So_be
accelerated. As a result, even when the 20

(hehenogeneous gl ass is flomn into the stirring tank 1,
t he alsappearance or reduction of the heterogeneous

gl assrcanqhe viesh i zed RY SH4&rbRI+HiA04hboliiment, there
addition, in a case of this enbodi nent, there are

aPéoﬁSk@%q_c?ecﬁ)lé!rﬁh.htﬂéloit 0p ez ARtAl; bRt ahi k& :SCCORE second
bl ades 13 and disc-like third bl ades 14 respectively

biEde%hQ§mdﬂﬁﬂdf@coﬁlmQ?ﬁﬂgf@'@ﬂaheﬁxﬂﬁ Eg%ﬁéctlvely in
intervals. Therefore, it is possible to make the flo

tRE BReJBAE16A ofl a3 @4 PURAGHIE DLEET LAY !aodﬂemlcervals.
area FB fromthe <central area FAin the stirring tank

Therdle gach place prsE@@@@lmﬂéeﬂﬁéoﬁlgﬁ bR€the molten
stirring tank 1, and also possible to accelerate

gfﬁb%“d@te%dﬁﬁeﬂﬁht%hﬁﬁﬁs§é%lpheral area FB from the
central area FA in the stirring tank 1, at each place
in the axial direction of the stirring tank 1, and also
possible to accelerate stirring of the molten glass G.
Further, the disc-1like third blade 14 is formed into a
disc shape, with the rotational axis L10 of the stirring
blade 10 as a center and has no corners, and therefore
there is little possibility that the third blade 14 is
shaved by the molten glass and is worn. Moreover, the
horizontal bar-like second blade 13 and the disc-like
third blade 14 are integrally formed at the same position
in the direction of the rotational axis L10. Therefore,
there is a merit that improvement of rigidity of the
stirring blade 10 can be realized.

(0043)

In addition, it is also possible to form the third

blade 14 into a flat plate shape, such as a polygonal
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Further, the disc-like third blade 14 is forned into a
di sc shape, wth the rotational axis L10 of the
stirring blade 10 as a center and has no corners, and
therefore there is little possibility that the third
bl ade 14 is shaved by the nolten glass and is worn.
Moreover, the horizontal bar-Iike second blade 13 and
the disc-like third blade 14 are integrally forned at

sﬁQSeSQ@%@@fétbS}nhéih%ﬁﬁa‘i' %“r’l%tﬂé’f‘ OBth'éﬁ.‘r A Ah eARl aisc

axl s Ther ef or e ereis nerit

Ilkl) OVGWe@%OB'Af%EdtBE {:’réltrﬁebl%td'er '&'4”9sb£8§~?r1e]é) the

realized dition is al so p033|b

pé@y%@ﬂgih§hhwéxjtﬂéﬁ@eiglén 8sdifd#iiP a%%éimp@orner
Sucth as a pol ygonal 21 shape {square or hexagonal

péP@E%hs(EP@rshﬁﬁb&hSydWﬂé ROAREN ¥6lardd 4P€ worn,

third blade 14 is forned into the polygonal shape,

aﬁﬁeEﬁe'%H%&@ésbwﬂﬁiahtﬂébomégrﬁrforﬁ@gd(M§t€é% in the
shaved by the nolten glass and are worn, = and the

mS NR¥edgRAd O NAFPERS g1 hod §rdHb MBRILR tdrhBe s hLa ity
gl ass, resultlng in a problemin ternms of a quality

o P pRicRAMEE S - Aﬁ%@&f@ghmythetﬂel YYARAd 0 RRAP&HSpBOLi s not
de3|rable and a circul ar "shape i s nost preferable.

dé5$%ab PO, QU SB2RE U Ba Alsita fEGEPhRR e p M MAdbie. Also,
Nbreover, "t he above-descri ption shows a case in which
ahNB DI t8RaBkASSs | §16l0Wké8pER@Td e upper part
(0044)

Moreover, the above-description shows a case in
which the molten glass is flown-in from the upper part
and flown-out from the lower part of the stirring tank
1. However, reversed flow may also be acceptable.
Namely, it is also possible to use the flow of the molten
glass that flows-in from the lower part and flows-out
from the upper part. In this case, the inflow port 2 of
the upper part becomes an outflow port, and the outflow
port 3 of the lower part becomes an inflow port.
(0045)

In addition, as shown in FIG.l1] and FIG.2, the
aforementioned embodiment shows a case in which the
disc-like third blades 14 are provided in a posture
vertical to the rotational axis L10. However, disc-like

third blades 24 may also be provided in a posture inclined

to a surface vertical to the rotational axis L10, like
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and flown-out fromthe |ower part of the stirring tank
1. However, reversed flow may al so be acceptabl e.
Nanely, it is also possible to use the flow of the
nolten glass that flows-in fromthe | ower part and
flows-out fromthe upper part. In this case, the
inflow port 2 of the upper part becones an outfl ow
port, and the outflow port 3 of the | ower part

Pﬁ‘é?&ﬁ?‘%&r@@ bﬁl%‘d‘é"’ PO bnowiPOAR) Fhig addi Ot @S5 Shown

and FI'G 2, the aforenmentioned enbodi nent
a case in which the disc-like third bl ades 14
are provided in a posture vertical to the rotationa

axi s qlylPs Wﬁ&ﬁf tflle SCaEL's%e 1£1@éfdt1l?£§ﬁesb%d@é' dFO0are

be prOV|ded In a posture inclined to a surface

[ tgthe it al [ 22
pisl‘tgl{fﬁrdi%?g b?a de :ZL%%t alolé/\#})al n ;ﬁ%%%uln_-%%d FI E%SG (f%8w6) along

J@hﬁnalwcp the qirse- éﬂfﬁdt B'lraché)é aglgscah %reea%ﬂ;ew ded the

In I nclined postures, e flow along inclination of

mwg ehhigdy b ade %1@4tﬁanmka>eugée{ealta%stf@ cHBl 4R glasentead

the nolteéen ass G can be prevented from being

ff@ﬁ\%é‘?ﬂgofeﬁ:%%.ﬁ@drdjn *%lrﬁéjQﬁlzﬁd tih@ddision, Inbé(ddltlon

rotation~of the inclined surface (disc- I'ike th

b%l 2das; 2fdn i ghiy 1GA01 PG W V@@rk@.ctehe( EQ'stce-'lzglEéS%hlrd
In the direction of the rotational axis L10.

b1HEEE U £) , !eiiealsaiw RAefhd cheneh cad baef Wdheen glass
I ncreased, and

G in the direction of the rotational axis L10. Therefore

the stirring efficiency can be further increased, and

further homogenization of the molten glass can be

realized.

(0047)

In addition, as shown in FIG.1 and FIG.2, the
aforementioned embodiment shows a case in which nothing
is added to the upper/lower surfaces of the disc-like
third blades 14. However, protruded fourth blades 35 may
also be provided on plate surfaces of the disc-1ike third
blades 14. In this case, the fourth blades 35 are
provided on the plate surfaces on which the molten glass
flows (upper surface when the molten glass flows from
the upper side, and lower surface when the molten glass
flows from the lower side).

(0048)

As shown in FIG.7(a), each fourth blade 35 in this
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further honogenization of the. nolten glass can be
realized. (0047) |In addition, as shown in FIG 1 and
FIG 2, the aforenentioned enbodi nent shows a case in
whi ch nothing is added to the upper/|lower surfaces of
the disc-like third blades 14. However, protruded
fourth blades 35 nay also be provided on plate
surfaces of the disc-like third blades 14. In this

c&@%e’1Eheé¥¥gﬂ@eelag@ﬁfgﬁf§e oRdAed pRohherBlat §yuter
surfaces on which the nolten glass flows (upper

péH&fpﬁ‘féeer\@eé‘ukEead'@|6§ntﬁlea§~%tfal@¥\én5&°@héf‘€ PEpeﬁnd two

side, and | ower surface when the nolten ass

fB{;S}'E‘hf Be Jvers iy %% p:!&?”'ﬁlad é‘g §;t§ 1't&‘o @ﬁ)g) ed 180°

each fourt | ade I'n t e1s exte

wiad aljy Q&Ewacrl%rtm%mqftouwrsa&%mpaﬁéal b FEER them
the rotational shaft 11, and two fourth bl ades 35 are

SBVQE C!t.%datfé S(?ljé ?%#éc?nagpﬂﬁ%%\;@fs ow tst& t@&ble angtle 0,

rotation sandw ched bet ween then1 SO as

(Egrd' ?Jg}é%ﬁeat ' t e6r(yai qutﬁlél itfggl aggld% ij Afi)gtatlng

exanpl e on the ront s a rotatin

dgkﬁ%cttlcgrg f?nSiE l"I.Jhee Sgggggéibl% 963TheT\fPé :J\?aﬂleo o'fs 0 is

et to a range o Thus

SO e N kA F AT SRR T SooT RS ds o gng nte
tbheak@utivdladeper surface area of the third blade 14
(area between the second blade 13 and the fourth blade
35) on the front side in the rotating direction of the
fourth blades 35, and a scraping effect by the fourth
blades 35 can be increased. Note that as shown in
FIG.7(b), each fourth blade 35 protrudes higher than the
height of an upper half portion of the round bar-like
second blade 13 protruded from the upper surface of the
third blade 14. Otherwise, the scraping effect by the
fourth blades 35 can not be expected.

(0049)

Further, in an example shown in the figure, each
fourth blade 35 is formed by a flat plate vertical to
the third blade 14, which is inclined so as to have a
higher height on the rotation center side and have a lower
height toward the outer peripheral side. Note that each

fourth blade 35 may also be formed in such a manner as

extending to the outer peripheral side from the rotation
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35) on the front side in the rotating direction of the
fourth blades 35, and a scraping effect by the fourth
bl ades 35 can be increased. Note that as shown in

FIG 7(b), each fourth blade 35 protrudes hi gher than
the height of an upper half portion of the round
bar-1i ke second blade 13 protruded fromthe upper
surface of the third blade 14. O herw se, the

cafkar ng; 8L egli dy ;Eﬁﬁlfyousﬁ@ Q%@%?&ﬁ%n ot rp%‘ﬂealso

expect ed. (0049)  Furt in an exanpl e shown

bé'ig&'fﬁedeﬁgk}erfwi&%glﬂg@ %%?Eéfeo%ﬂeghgyf%gﬂ , in such

plate verti cal e thir 4, whic

aimghhRed 20 ASi 4§ EE%Qf%e@'QBeﬁsh%bgﬁhﬁg1érﬁbwer geight
rotation center Side and have a | ower height towar

oﬁh@h@“?@fé@ibﬁh@éﬂtéfd§1d@b%%érEuhfeﬁQr'm%ﬁéﬂt toward
bl ade 35 nay al so be fornmed in such a manner as

tRXt RAidY harlihh OHLer sA&fd pheral side fromthe
rotation 24 center side, with sinply the same height,

(@bsegy also be forned reversely to the exanple in the
figure, in such a nmanner as being inclined so as to

have &, | gual thed 9Nt 2 O Hdien " @halpiQ. et le _Sf&lfr@ﬂdbqade
hi gher hei ght tomard the outer peripheral sid

340030 pd nvaddiduoly &% ehensgin FIG 8 the fourth

bl ade 35 can be variously nndlfled (a) shows an

exanpl £) 0fn8we2se xARHSLI L¥tLNGakReof constituting the
fourth blade 35a using a flat plate erected vertically
to the third blade 14, (b) shows an example of a case
of constituting the fourth blade 35b by a flat plate in
a posture inclined backward with respect to the rotating
direction R of the stirring blade, (c) shows an example
of a case of constituting the fourth blade 35c¢c using the
flat plate in a posture inclined frontward with respect
to the rotating direction R of the stirring blade, (4)
shows an example of a case of constituting the fourth
blade 354 using a bar-like member having a
cross-sectionally triangular shape, and (e) shows an
example of a case of constituting the fourth blade 35d
using a bar-like member having a cross-sectionally
semi-circle.
(0051)

For example, as shown in the example of (b), when

the fourth blade 35d is constituted using the flat plate
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fourth blade 35a using a flat plate erected vertically
to the third blade 14, (b) shows an exanple of a case
of constituting the fourth blade 35b by a flat plate
in a posture inclined backward with respect to the
rotating direction Ft of the stirring blade, (c)
shows an exanple of a case of constituting the fourth
bl ade 35c using the flat plate in a posture inclined

ih T @Rl ds il T £5B8Ghed Ob!aEﬁ‘nJaPE@t ARG i f@%b'e%ﬂ: Flo the
of the stirring blade, (d) shows an exanple of a case

r&t a%qﬁlayféeg itdie # ouEhh mlallac% 3?%@%' 'i%taa{)ﬁéa' bk the

aving a Cross- sect 1 onal y ri angu ar sh ape,

tl@ﬂgd(ﬁiaﬁléo% é8n ﬁéaﬂPéﬁsQfelaré:@SLeo PrheNstdt LHéf’gpheral
the fourth blade 35d wusing a bar-I1ke nmenber having a

s£883S mﬁ?fiéor&lﬁlyre§%']]n§' ElC|s%r \A}EQEQ ré:é’is%é% €smal1,

as shown in the exanple of the fourth bl ade

w§§éh'§éxygﬁééat%§l%ﬂ@gf$ﬁgt%l®lé&@195%5 '%ééﬁ&dlngly,

posture inclined backward wth respect to the

é@&ato'fr}g p@éxﬁ&ﬁt 9B nRe iR MRIHERKQ R8s el /1 At ERGirtn
third bl ade 14 can be transferred to the outer

bpﬁﬁbpbgﬁabaﬁ“HE%oH!ﬁiﬁeaupEU%ﬁ%ﬁQdaw§Qhaa'Bgse in which
resi stance snal whi ch is caused by the fourth bl ade

tﬁébfqﬁ¥¥ﬁdb&%db 3pgeli-<offepPEe¥@Nt i On effecpf(n t he
material of the fourth blade 35b can be obtai ned,

(608pgred with a case in which the fourth blade 35a is
vertical .

Moreover, as shown in the example of (c), when the
fourth blade 35c¢c is constituted using the flat plate in
the posture inclined frontward with respect to the
rotating direction R, slip with respect to the molten
glass retained on the third blade 14 can be suppressed,
and therefore the scraping effect for the molten glass
can be increased, compared with a case in which the fourth
blade 35a is vertical.

(0053)

In addition, as shown in examples of (d) and (e),
when fourth blades 35d and 35e have the cross-sectionally
triangular shape and cross-sectionally semi-circular
shape, similarly to the example of (b), the molten glass
retained on the third blade 14 can be transferred to the
outer peripheral side, while suppressing the scraping
resistance small, which is caused by the fourth blades

35d and 35e. Accordingly, the peel-off prevention
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(0052) Moreover, as shown in the exanple of (c), when
the fourth blade 35c is constituted using the flat
plate in the posture inclined frontward with respect
to the rotating direction R, slip with respect to the
nolten glass retained on the third bl ade 14 can be
suppressed, and therefore the scraping effect for the
nolten glass can be increased, conpared with a case

efPeWt OfF tthee fRatbh il ade B398 Fouven 'tﬁ?&defsogg@ anld‘ 35e

addi tion, as shown in exanples of (d) and (e),

chRUsE fbtbta%%d’%ﬁ% aBed Nave hheagkosa- ﬁﬁﬁh'h%ﬁ'e' ¥ourth
triangul ar shape and cross-sectionally sem -circul ar

pshaee 354 Mikaklar t 9chhe exanple of (b) , the nolten
glass retained on the third blade 14 can be

(bognasferred to the outer peripheral side, while
suppressing the scraping resistance snmall, which is

causegh by ,t ha douchB Blagdesn B83d syl 35eq 3'%%9056“519@6 are

the peel-off prevention 26 effect of the material of

pEHeilql tdn bt pdes133d pandr 856 €RB PRI alNgdes 14, slip

conpared with a case in which the fourth blade 35ais

bé@ﬁb@ﬁﬂthéOﬁéikeﬂnbﬁasﬂh%%dtﬁhéoﬂﬁﬁgdﬂﬁiﬁﬁe3§4(%@% be
to 35e) are provided on the flat plate of the th

pBtadex dd, b5 i Bn b@km@%d@@ o tendl ags AN meaaes 35.
th|rd bl ade 14 can

Accordingly, a centrlfugal force caused by rotation of
the third blades 14 can be positively applied to the
molten glass, and the molten glass can be prevented from
being retained on the third blades 14. As a result, the
flow of the molten glass to the outer peripheral area
FB from the central area FA in the stirring tank 1 can
be strengthened, and further the stirring effect can be
increased.

(Examples)

(0055)

Next, specific examples will be described.
(0056)

The viscosity, temperature, and flow rate of the
molten glass, being a target, are approximately as
follows.

Temperature: 1450°C to 1550°C

Viscosity: 900 to 2000 poise (90 to 200Pa-‘s)

Flow rate: 3cm/min to 6cm/min
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prevented by an exi stence of the fourth bl ades 35.
Accordingly, a centrifugal force caused by rotation of
the third bl ades 14 can be positively applied to the
nolten glass, and the nolten glass can be prevented
from being retained on the third blades 14. As a
result, the flow of the nolten glass to the outer
peri pheral area FB fromthe central area FA in the
(6b5Fning tank 1 can be strengthened, and further the
stirring effect can be increased. (Exanples) (0055)
Next A SHECI £he B¥APY £5tWoh! oe t@RSadbesn g18926) sTBown
vi scosity, tenperature, and flow rate of the nolten
i8®l aap1deing a target, are approximately as follows.
Tenperature: 1450C to 1550C Vi scosity: 900 to 2000
(#0589 (90 to 200Pas) Flow rate: 3cmmn to 6cmmn 27
(0057) Also, the conposition of the nolten glass is
(Bhgwe 1y table 1. (0058) (Table 1) Conposition of
Mol ten gl ass (ol %

Composition of Molten glass (mol%)

SiO9 50~70
AloO3 5~15
B203 b~15
MgO 0~3
CaO 3~10
SrO 1~3
BaO 0~5
Na2O 0~1
K20 0~1
As203 0~1
Sbho03 0~1
Sn0»s 0~2
FesQO3 0~2
ZrQO9 0~2

(0059)

Platinum and a platinumalloy are given as materials
of the stirring tank and the stirring blade. As an
example of the platinum alloy, "platinum-rhodium alloy”
and "platinum-iridium alloy” can be given, when used in
the molten glass of a high temperature range. Also, when
used in the molten glass of a low temperature range,

"platinum-palladium alloy”, "platinum-gold alloy", and
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Si02 50-70 A12G3 5-15 B203 5-15 MO 0.3 CaO 3710
SrO 17-3 BaO 02-5 Na20 00-1 K20 0-1 As203 0-1
Sh203 0.1 Sn02 { 0-2 Fe23 0M' 2
----------------------------------------- Zr2 0-2
(0059) Platinumand a platinumalloy are given as
materials of the stirring tank and the stirring

bl ade. As an exanple of the pI ati num al | oy,

"pf @Ehﬁh‘ﬁmﬁ Sﬁie_‘ima{"iim%en Al BB gtivuam i1l dium

can be given the nolten gl ass of

( Fo gh tenperature range. Al so, when wused in the
no ten glass of a Iowterrperature range,
pl atd [y gal | IH e of"@het Ls%ti@lgfhg Blllaqye’déﬁgnds
28 "plati num ni c can be given. 60)

o Wi N&ned &Eaﬁae%ffof h@hétéﬂkmn@ acdaefl}gapﬁadén average

passage amount (average stay time) of the molten glass.
Even if the dimension of the stirring tank is increased
without restriction to grow in size, there is a
restriction in aspects of strength and efficiency.
Therefore, normally a plurality of stirring tanks are
installed, and for example, these stirring tanks are used
by being connected in series by flow passages. At that
time, when the molten glass is transferred from the upper
side to the lower side in the stirring tank of the front
stage, the flow passages are connected so as to transfer
the molten glass from the lower side to the upper side
in the stirring tank of the rear stage.

(0061)

Optimum dimensions of the stirring tank and the
stirring blades are decided as follows.

First, regarding a clearance between the stirring
blades and the stirring tank, generally a shearing effect
is increased if the clearance (gap) between the stirring
blades and an inner wall surface of the stirring tank
is small. As actual dimensions of the clearance, 10mm
to 30mm are desirably ensured, and most desirably 15mm

to 20mm are set.
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on an inner dianmeter of the stirring tank and an
average passage anount (average stay tine) of the
nolten glass. Even if the dinension of the stirring
tank is increased w thout restriction to growin
Ssize, there is a restriction in aspects of strength
and efficiency. Therefore, normally a plurality of
stirring tanks are installed, and for exanple, these
(6bkkning tanks are used by being connected in series
by flow passages. At that tinme, when the nolten glass

i's trensedi edohl,0nst BeUARRMen i 88 &P (e sl@ﬂ‘@?::.%'gd%ank
inthe stirring tank of the front stage, the f

t R@SSAHRY arl%nc@@@@cmddaeﬁsaﬁpytg@e%srbet@@omm b@nless
glass fromthe |lower side to the upper side in the

afdl L6l R d@NKe 8 181 y 3B tSkWDe (PO6hN t@Pl4d®Hh. Depth
di mensi ons of the stirring tank and the stirring

obl ades A erdecigdadigr gl WSt rFchHa #LORN HHY &spect of
cl earance between the stirring blades and the

s Btbhigity, teBkawgenetr Bl pra shgaki B efh&Choliten glass is
increased if the clearance (gap) between the stirfing

adbades Anghan 15wer W+t SHEf aafe ob tliRa S §T kighk t gmk the
is small. As actual dinensions of the clearance,

t hOcRAWY ArSF deBh Eabhin er‘&é&@g t8BdmERHe Hest r@béys%w&llng
to 20mm are set. 29 (0062) n addition, as the

t8hRENSIPN RErkhesd i rehRg dé9kn of the stirring tank is

also increased). Actually, the depth of the stirring

tank is desirably set to be 500mm to 1500mm, and most

desirably set to be 600mm to 1000mm.

(0063)

Further, regarding the dimension of the disc-like
third blade of the stirring blades, when the outer
diameter is too large, a dead space (space where nomolten
glass is stirred) is generated between upper and lower
discs. Also, when the diameter of the disc-1like blade
is too small, the effect of transferring the molten glass
from the central area to the outer peripheral area of
the stirring tank, which is an object of the present
invention, can not be obtained. Therefore, when the
inner diameter of the stirring tank is set to be 1.0,
the outer diameter of the third blade is desirably set

to be 0.2 to 0.6.

(0064)
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the inner dianeter is desirably set to be 500mm or

|l ess, and is nost desirably set to be 300mmto 400nm
Depth of the stirring tank is restricted fromthe
aspect of strength, because the pressure of the
nolten glass is added to the |ower part of the
stirring tank (if the thickness of platinum being
the nenber of the stirring tank, is increased, the

dept he I nk aI ed)
Act ug‘l‘%, Lt heéggp?trﬂhﬂg?h?he gtalsrrl %%f{tkg% élas degllrtkbl y

af@&re&n‘érpl.elégg@nct&ué-?@@ s bk §&edde%{3PA ﬁhntdothat
be 600mm to 1000mm (0063 Fur regardi ng e

wilE HERSION p{rfmﬁgd'bslcaéégeoft tﬁ'ﬂéjﬁé‘ggn@_f _1tnhﬁention were

stirring bl ades, "when the outer meter is too
ub8nge.q@n dead sSHACE(SRALR WRRIEa NBe &fﬁ?ﬁgre%l k¥ thout

stirred) is generated between upper an I SCS.

1&4:§Q’a§’§ﬂ? tHe rﬂ.ﬁrﬁ‘ﬂ?ﬁ:%foﬂﬁ Eg%l‘vyrrc’é:'bldﬂ(%abél?éjf déérggglng

smal | the effect o trans erring the nolten glass

tﬁé%m%rcsart fgb}:aﬁfﬁﬁng%f hﬁle%girw 'dfomhaadeéf eaNQInely ,

the stirring t ch 1's an obj ect e present

whBXeRHIO + £AP; %t 6 @8kabred ne %Ef@ggﬁ% %%?%8 were

i nner di amet'er of the stlrrlng tank 7s set

u§@ﬁ ga%%rzelf%@gs&le%fg& & A;taei?lagggg'rpsfedseéé&abg»e%%hen
th?@rﬂlﬁﬁﬂ‘éq"’of”f@tyﬂeions was decreased by 30% of the number
of rotations required for homogenization of the molten
glass by conventional stirring blades. This reveals the
fact that by the stirring blades of the present invention
a sufficient shearing force can be added to the entire
body of the molten glass in the stirring tank including
the molten glass of the central area in the stirring tank,
to thereby make the heterogeneous glass disappear.
Further, a peel-off phenomenon of platinum, etc, was not
observed, because the number of rotations of the stirring
blades could be reduced.

(0065)

The stirring blades of the present invention as
described above could be used in all kinds of glasses
such as a glass substrate, a glass substrate for an FPD
glass substrate, an optical glass, a building glass, and

a bottle glass. Also, a supply device of themolten glass

using the stirring blades of the present invention is
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af orenmentioned conditions satisfied, it was found that
when the stirring bl ades of the present invention were
used, generation of ream could be suppressed w thout
i ncreasing the nunber of rotations but rather
decreasing the nunber of rotations of the stirring
bl ades. Nanely, when the stirring bl ades of the
present invention were used, generation of reamcould
e d, t, u r o at L.ons .
SO etPoaeat by TP (hE8e,ct, M oY aT b S e $BEmng
: ho l.zat | t .
ARt Ponar 0 AR SR PRATL gk o I B ey cvop gorming
adhak by the stirring blades of the present invention,
a suFficient shearing force can be added to the entire
body of the nolten glass in the stirring tank
including the nolten glass of the central area in the
stirring tank, to thereby nmake the heterogeneous
gl ass di sappear. Further, a peel-off phenonenon of
pl ati num etc, was not observed, because the nunber
of rotations of the stirring blades could be reduced.
(0065) The stirring blades of the present invention
as described above could be used in all kinds of
gl asses such as a glass substrate, a glass substrate
for an FPD gl ass substrate, an optical glass, a
buil ding glass, and a bottle glass. Al so, a supply
device of the nolten glass wusing the stirring bl ades
of the present invention is 31
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suitable for being used in a down-draw type form ng
devi ce, but can also be applied to the other type
formng device. 32 What is clainmed is: 1 . A stirring
bl ade for nolten gl ass di sposed inside of a
cylindrical stirring tank, for stirring nolten gl ass
in the stirring tank by being driven to rotate around
a rotational axis set on a center axis of the stirring

whakK.i LOIPLiSINP:1@.rotational shaft positioned on the
rotational axis; a vertical bar-like first bl ade that

ext engs Etﬁrﬁ’fﬁyt?ﬂdgif(ﬁ:tni @hog@ageeaigbatsie%%ﬁiae

axis at a position apart om the rotational shaft

oft a[etyaltiilp@f‘!i.carlagkqlrldiﬁgcgéﬁﬂ’, f@f ﬂiffi:i.%%}eltrnglq_tgrneglass

noltén glass that existS in an outer perip

1R thie StiFHing tedkx bRy tbc.femg Sl +B B ate around
Il of the

vicinity of an i nner wa stirring tank; a

a hPBit%FErﬁ.tcﬁkaPaElkliié(es é@cgﬂdablc%%é{laéfcgﬁg%ﬁ:thgl Qggﬁing

rotational radial direction orthogona

thRkat i@ ra%iisHgfor stirring the nolten glass that
exists in a range froma central area to an outer

peri phefgl A £5n 8% tdieafti Ydd B 18Rk a Byn beHRAY £9t 8t 8 na1

in arange fromthe central area to the outer
aRéki.pheral area of the stirring tank; and

a vertical bar-like first blade that extends in a
vertical direction along the rotational axis at a
position apart from the rotational shaft in a rotational
radial direction, for stirring the molten glass that
exists in an outer peripheral area of the stirring tank,
by being rotated in the vicinity of an inner wall of the
stirring tank;

a horizontal bar-like second blade that extends
along a rotational radial direction orthogonal to the
rotational axis, for stirring the molten glass that
exists in a range from a central area to an outer
peripheral area of the stirring tank, by being rotated
in a range from the central area to the outer peripheral
area of the stirring tank; and

a disc-1like third blade which is provided on an
inner peripheral side of the wvertical bar-1like first
blade and extends in a planar shape in a direction

orthogonal to the rotational axis, for guiding the molten
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a disc-like third bl ade which is provided on an inner
peri pheral side of the vertical bar-like first blade
and extends in a planar shape in a direction
orthogonal to the rotational axis, for guiding the
nolten 33 glass that exists in the central area of
the stirring tank to the outer peripheral area. 2.
The stirring blade for nolten glass according to

gThakMtha WhgkRIst fAti heasle Wen PLaMOTE IO b2ORMAl stirring
bar-1i ke second bl ades and disc-like third bl ades are

t48RPEG iﬁq@éyow@éﬁ' dgératpﬂé%sivalr%a n the rotational

axis direction. he stirring blade for nolten gl ass

according to claim2, wherein the horizontal bar-1like
second blade and the disc-like third bl ade are

inteqgr al vy ef Qrmeeh- 8h g PG E&MBoROSJI 8! B1ERS according
rotational axis direction. 4. The stirring blade for

t&0lhen fl ass @Reedifdatl 0 QY +0NH Of o ahdBel HOrPzontal
wherein the disc-like third blade is formed into a

b &S iXaPSe cWld B 18aLat A PNQY s AN i @St RiTNMl adRs are
The stirring blade for nolten glass according to any

&858 e@ft iGF @i dPifde NSt €HR jgu rt i
rbI ggetils prg\s;ipgired ilnetdhe di sc-tl%inﬁ%&)t %i ?Lg{jbizgge.lt%Fa'trﬁgnal

a®ikrgingebtadeg for nolten glass according to any one
of claims 1 to 5 wherein the disc-like third blade

is provided in a posture inclined to a surface

3. The stirring blade for molten glass according
to claim 2, wherein the horizontal bar-like second blade
and the disc-1like third blade are integrally formed at

the same position in the rotational axis direction.

4. The stirring blade for molten glass according
to any one of claims 1 to 3, wherein the disc-1like third
blade is formed into a disc shape, with the rotational

axis as a center.

5. The stirring blade for molten glass according
to any one of claims 1 to 4, wherein a protruded fourth

blade is provided in the disc-1like third blade.

6. The stirring blade for molten glass according
to any one of claims 1 to 5, wherein the disc-1like third

blade is provided in a posture inclined to a surface
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34 vertical to the rotational axis. 7. A stirrer for
nol ten gl ass, wherein the stirring blade according to
any one of the claims 1 to 6 is disposed inside of a
stirring tank which is disposed, with a center axis
directed vertically, having an inflow port disposed
on one end side and an outfl ow port disposed on the
other end side in a vertical direction, to thereby
vattawamwl tenthe asstheifdrwn i axtile vertical direction,

35
7. Astirrer for molten glass, wherein the stirring
blade according to any one of the claims 1 to 6 is disposed
inside of a stirring tank which is disposed, with a center
axlis directed vertically, having an inflow port disposed
on one end side and an outflow port disposed on the other
end side in a vertical direction, to thereby allow molten

glass to flow in the vertical direction.
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